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ENGINEERING EDUCATION AND THE CONSTRUCTION INDUSTRY: 
THE INDUSTRY AND THE COLLEGES 


Winkelman,! ASCE and Maar,2 A.M. ASCE 


FOREWORD 


Construction this nation’s largest single industry. Its 1957 dollar 
volume was billions dollars, per cent the gross national prod- 
uct, yet large anamorphic thing with organization and plan. 
that, offers civil engineering new area opportunity, according 
Oglesby, regain its position among the professional and scientific 
fields.” 

the roots this point the everlasting dichotomy between the con- 
struction industry and the institutions higher learning which turn out civil 
engineers. This must resolved before can enter upon era true 
progress. The old days when “college-kids” had stand awe the time- 
worn construction superintendents who came through the school-of hard- 
knocks are fortunately coming end. Numbered also are the days 
wastefulness caused hyper designs from those devoid any idea what 
problems field man faces, trying construct those didactic details. 

Our contemporary construction methods, materials, and machines can only 
handled technically trained individuals. Modular building parts; pre- 
stressed concrete; precast, tilt-up units; thin shells; soil mechanics; heavy 
nuclear sections; super highways; jet-age airports; launching pads; light 
aggregate; new cement formulae; lightweight alloy structural members; 
stabilized soils; complex multi-purpose and/or specialized machines are all 
the end result scientific thinking and require engineers use these tools 
translate paper designs into tangible structures. This construction! 

realize the divergent thinking that shapes the attitudes the workers 
and the teachers will not united thrice, but this committee feels that 
the opening this whole topic for discussion will hasten the day. Six papers 


Note: Discussion open until July 1959. Separate discussions should submitted 
for the individual papers this symposium. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. Paper 1954 
part the copyrighted Journal the Construction Division, Proceedings the 
American Society Civil Engineers, Vol. 85, February, 1959. 

Pres. Winkelman Co., Inc., Syracuse, 

Engr. Winkelman Co., Inc., Syracuse, 
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were solicited from what felt were the six most stimulating sources, 
three from each camp: 

Proc. Paper 1954, Dwight Winkelman, (the first chairman the As- 
sociated General Contractors committee education) states the problem 
plain well-chosen words. Then indicates one possible solution. 

Proc. Paper 1955, Professor David Day, (recently taught the Construc- 
tion option the University and now Chairman Civil 
ing the University Denver) gives the conservative school’s answer. 

Proc. Paper 1956, Professor Robert Schiffman, (who taught Colum- 
bia and Lehigh and now Renssalaer Polytechnic Institute) renders his 
idea the reactionary concept. 

Proc. Paper 1957, Roger Corbetta, (long advocate the realistic 
approach) expounds yet another facet this field and challenges with 
theory his own. 

Proc. Paper 1958, Letoile the Perini Corporation, heavy 
construction organization with much hard experience) offers compendium 
what some corners industry are doing fill the breach between the engi- 
neering course and the job. 

Proc. Paper 1959, Professor Oglesby (of Stanford University which 
gives degree Civil Engineering Construction) explains the situation 
stands today, recounts the stakes, and offers very practical solution. 

This journal illuminated with three dynamic construction photographs 
selected from the files Merrit, Chapman, and Scott Corporation. 

The Committee aware the incompleteness this offering, but 
not the end the subject. Your discussions are what are after. 


Chairman, Construction Division 
Committee Publications 


ABSTRACT 


The engineering college can major influence the end product the 
engineer turns out for the construction industry. The man need not neces- 
sarily scholar, but must understand the basic things and the language 
and know practicalities. also must understand the humanities and must 
have some practical working knowledge the tools hand for him. This can 
obtained the colleges and working the field between times. 


Let’s first consider what the construction industry ultimately expects its 
Engineers. Some this end product not the primary concern the college, 
but the college can major influence. 

The man question need not necessarily scholar. Design not 
primary requirement. must understand the basics design, talk the 
language and, most important, know practical design from impractical design. 
From the scholarly side him the industry hopes extract dynamic, 
flexible thinker. man who can adjust his mind constant kaleidoscope 
problems equipment applications; production; costs; making the design 
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reality; and most important, the problem relations. 

This brings very important facet this ultimate Engineer. must 
have learned somewhere how get along with others. Sometimes, this rela- 
tionship under most difficult conditions. must, quite often, get the very 
most out his employees, due time limitations and the competitive char- 
acter the industry. The relationship with labor unions difficult and try- 


ing experience that requires diplomacy. The relationship with contract 
owners and Design Engineers delicate one. Then there the constant 
association with material salesmen, other contractors and fellow employees 


that brings this man’s desk new personalities with new problems daily. 
The Construction Engineer the engineering profession what the gen- 

eral practioner medicine, order accomplish result like the cais- 
sons for the Mackinac Bridge (Fig. 1), and this degree that the col- 
leges must train him. must learn his design, his drafting, his surveying 
and the important functions other engineering professions such mechani- 

cal and electrical because often works side side with them. must 
also learn psychology, public relations, public speaking and other liberal art 
subjects give him sufficient background and confidence his management 

duties. Finally, must know cost accounting, finance and bookkeeping be- 

cause these are the very core and the only score sheets available one 
the most highly competitive games going. 
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much for the theoretical expectations. Now, what practically can 
expect the engineering colleges teach the young constructor. The college 
can certainly provide the liberal arts background. This must broad 
enough can associate properly his engineering status societies total 
picture. The Cornell academic catalog words very well when they say “An 
engineering career has its roots science and technology, but its breadth 
touches many areas human activity.” 

The college also must provide the technical background. With the courses 
Physics, Chemistry, Mathematics, Mechanics, and there seems 
little disagreement witness the comparison between Cornell’s curriculum 
and that advocated AGC’s Klinger the ENR November 1957. 
These are all the basic fundamentals and, course, absolutely necessary. 

Still further the technical field are the courses that introduce the as- 
sociated sciences and engineering professions; like Heat and Power, Elec- 
tricity, and Geology, mention few. Because the Civil Engineer’s con- 
tact with many these technicians, should have some exposure. The 
normal four year college curriculum allows only minimum this. 

Next are those subjects directly applicable construction. Courses 
equipment: evaluating types production and application; Methods: covering 
various operations earth moving, paving, tunneling, and water side con- 
struction; costs, quantities and estimating: showing how costs are the guide 
each operation and the function estimating competitive bidding; and 
something law and finance. Some colleges today give considerable time 
and effort providing courses all the above mentioned criteria. Others 
feel that such specialization the college level perhaps unnecessary, but 
the Engineer can enter the industry with these subjects already introduced 
him, immediately his function within the structure broader and deeper. 

Now, what can the industry expect from the college further this man’s 
management function? should have been offered opportunities receive 
instruction construction management. This course should introduc- 
tion the problems supervising construction project. Including the 
scheduling and purchasing materials and equipment. The selection em- 
ployees, organization the field office, payroll and cost control and maybe 
something reports and accident prevention. course Economics would 
help. introduction Psychology might further his understanding and 
ability control and organize men. There may other courses that would 
broaden his outlook, but probably have already exceeded the time limits 
imposed four year curriculum. 

feasible for the industry expect Engineer from college have 
some experience? would seem, some areas, entirely possible that 
informal program could worked out conjunction with local contractors 
that would allow Civil Engineering undergraduates, who have indicated through 
their programming that they are preparing themselves for career heavy 
construction, work construction projects engineering technicians 
even laborers. More can done than this, even: field trips could ar- 
ranged, preceded orientation lectures, that would take interested group 
one more projects and see the different operations and applications 
equipment. These two methods acquiring some experience may help al- 
leviate the on-the-job training that required familiarize the young Engi- 
neer with the required procedures. 
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appears that have covered about everything that comes our mind 
the academic sense. There also the psychological side the Engineer that 
some instances can problem. Dr. Kilian, Jr. covers this very 
well article from the Engineer’s Job Directory that most college 
recruiting offices. entitled “From Class Room Plant” and points 
the adjustment that most Engineers have make when they move from Big- 
Man-on-Campus Little-Man-in-Industry. especially true these 
times where they are sought after during recruitment many firms with 
fancy offers. Then when they decide and settle down the initial period 
learning company policy and are assigned some rather routine duties for 
the time necessary for integration into the company structure they become 
restless and impatient, cannot yet see the challenge they eagerly expect 
and often leave before they have even earned important assignment. Per- 
haps somewhere along the academic way this necessary adjustment can 
outlined and the point established that the young Engineer must, the early 
stages, have faith his employers experience and judgement that will 
place him best for all concerned. 

hope with this that have answered, least from our viewpoint, the 
question “What the Construction Industry Should Have from Engineering 
Colleges?” close comparison, what here indicate being required 
probably very little different from what some the colleges are already of- 
fering. This especially true Cornell whose five year program with all 
its electives probably well geared America’s largest industry, heavy 
construction, any the country. 
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ENGINEERING EDUCATION AND THE CONSTRUCTION INDUSTRY: 
GRADUATES FOR WORK CONSTRUCTION 


David A.M. ASCE 


FOREWORD 


Construction this nation’s largest single industry. Its 1957 dollar 
volume was billions dollars, per cent the gross national prod- 
uct, yet large anamorphic thing with organization and plan. 
that, offers civil engineering new area opportunity, according 
Oglesby, regain its position among the professional and scientific 
fields.” 

the roots this point the everlasting dichotomy between the con- 
struction industry and the institutions higher learning which turn out civil 
engineers. This must resolved before can enter upon era true 
progress. The old days when “college-kids” had stand awe the time- 
worn construction superintendents who came through the school-of hard- 
knocks are fortunately coming end. Numbered also are the days 
wastefulness caused hyper designs from those devoid any idea what 
problems field man faces, trying construct those didactic details. 

Our contemporary construction methods, materials, and machines can only 
handled technically trained individuals. Modular building parts; pre- 
stressed concrete; precast, tilt-up units; thin shells; soil mechanics; heavy 
nuclear sections; super highways; jet-age airports; launching pads; light 
aggregate; new cement formulae; lightweight alloy structural members; 
stabilized soils; complex multi-purpose and/or specialized machines are all 
the end result scientific thinking and require engineers use these tools 
translate paper designs into tangible structures. This construction! 

realize the divergent thinking that shapes the attitudes the workers 
and the teachers will not united thrice, but this committee feels that 
the opening this whole topic for discussion will hasten the day. Six papers 


Note: Discussion open until July 1959. Separate discussions should submitted 
for the individual papers this symposium. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. Paper 1955 
part the copyrighted Journal the Construction Division, Proceedings the 
American Society Civil Engineers, Vol. 85, February, 1959. 

Chmn., Civ. Eng. Dept., Univ. Denver, Denver, Colo., previously 
charge the Construction Option Div. Eng. the Univ. Illinois, 
Urbana, 
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were solicited from what felt were the six most stimulating sources, three 
from each camp: 

Proc. Paper 1954, Dwight Winkleman, (the first chairman the As- 
sociated General Contractors committee education) states the problem 
plain well-chosen words. Then indicates one possible solution. 

Proc. Paper 1955, Professor David Day, (recently taught the Construc- 
tion option the University Illinois and now Chairman Civil Engineer- 
ing the University Denver) gives the conservative school’s answer. 

Proc. Paper 1956, Professor Robert Schiffman, (who taught Colum- 
bia and Lehigh and now Renssalaer Polytechnic Institute) renders his 
idea the reactionary concept. 

Proc. Paper 1957, Roger Corbetta, (long advocate the realistic ap- 
proach) expounds yet another facet this field and challenges with theory 
his own. 

Proc. Paper 1958, Letoile the Perini Corporation, heavy 
construction organization with much hard experience) offers compendium 
what some corners industry are doing fill the breach between the engi- 
neering course and the job. 

Proc. Paper 1959, Professor Oglesby (of Stanford University which 
gives degree Civil Engineering Construction) explains the situation 
stands today, recounts the stakes, and offers very practical solution. 

This journal illuminated with three dynamic construction photographs 
selected from the files Merritt, Chapman, and Scott Corporation. 

The Committee aware the incompleteness this offering, but 
not the end the subject. Your discussions are what are after. 


Chairman, Construction Division 
Committee Publications 


ABSTRACT 


point out what one civil engineering educator believes should in- 
cluded modernized under-graduate curriculum particularly benefit 
construction industry, this paper recommends that the coverage need not 
all inclusive, yet desirable study report writing, public speaking, 


basic sciences, engineering sciences, analysis, economics and management, 
and some humanities. 


The construction industry gigantic, far-reaching activity the United 
States and many other areas the world. The scope and diversity inter- 
ests and occupations are difficult even for the student business 
comprehend. This was emphasized the book Building, U.S.A. conse- 
quence there are undoubtedly many participants the construction industry 
who not appreciate some other segment that contributing the success 
their occupation. This can likened the football fan who heaps all the 
glory the running halfback unaware that without the linemen carrying out 
their assignments his running would draw praise. 
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Civil Engineers are large measure blamed for lack apprecia- 
tion the construction industry. The immediate reaction this statement 
may abrupt question why should engineers take such blame when they 
not appear part this gangling industry. The idealogical engineer 
may argue that professional man and therefore does not belong any 
industry commercial group. This sort argument could claimed 
majority professional people among the three so-called learned professions. 
However, even some doctors and lawyers would have admit that their work 
closely related some commercial industrial activity that they are 
really part that industry. The livelihood the vast majority engineers 
closely related and dependent commercial industrial activity, 
the broadest sense, that they must recognize their vital part some industry. 

The Department Commerce has for many years had all business 
commercial activity within the United States divided into essentially 
dozen industries ranging from agriculture manufacturing. Prior World 
War construction was evidently considered form manufacturing 
inspite the inherent differences. However, since that revolutionary period 
conflict and change, construction has increased much stature and 
contribution national economy—even surpassing agriculture, the perennial 
the construction industry now nationally recognized 
segment activity itself. one the main divisions industrial activi- 
this country must have the full cooperation the engineers that serve 
it, just the manufacturing, communication, and other industries do. Quite 
obviously civil engineers are the ones who owe most allegiance the con- 
struction industry. high time that all civil engineers recognize their 
vital role the construction industry and shoulder their fair share the 
responsibilities for its success. 


Responsibility the Educators the Construction Industry 


The individuals among civil engineers who have been most laggardly 
recognizing their responsibilities the construction industry are the educa- 
tors. There has actually been aloof attitude the part civil engineering 
educators with their established, traditional type curriculum. has been 
based developing the students scientific foundation fundamentals 
serve them producing technologically sound design for works 
constructed. has taught the civil engineering student how produce de- 
sign but without adequate appreciation the method and economy involved 
its becoming reality construction. The educators must recognize the 
significant part that many their students will play the development 
constructed works beyond design and shoulder sufficient responsibilities 
account for this for the good the industry they serve. 

the early developments civil engineering curricula there was un- 
doubtedly sound justification for terminating the undergraduate education with 
the design step based theoretical considerations. The reasons for this 
need but little historical reflection. Projects such the Erie Canal and the 
Boston Post Road and the bridges along over them were for necessity 
commerce transportation and communication. They were the lifeline 
the colonies and later this infant country. Even the more recent crossings 
like the George Washington Bridge the Holland Tunnel were necessary 
handle the multitude traffic and transportation problems. Likewise, the 
original water supply facilities for the expanding cities this country were 
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necessary maintain safe and healthy conditions. The justification for the 
expense these civil engineering works was based the necessity for 
healthy citizenry and business for survival the young nation. Furthermore, 
these projects could financed enterprising investors with comparative 
wealth capital for speculative investments. 

Over the centuries decades time since those original civil engineer- 
ing projects were conceived, designed, financed and built conditions for simi- 
lar ones have changed appreciably. Even the short interval quarter 
century the changes have been sufficient necessitate extreme change 
civil engineering curricula. The majority projects are longer the 
category necessary originals but instead they are convenient improvements 
modernizations. Necessity with extreme safety has given way comfort 
and convenience with economy and impressiveness. Furthermore, the private 
investment capital that was relative abundance the time that paved high- 
ways, large bridges, skyscraper buildings, and mammoth factories were first 
built longer the control individuals. What now available the 
coffers larger corporations holding companies where many people are 
watching each capital investment for its soundness rather than speculation. 
What not under the control large private organizations is, course, 
available from tax funds spent under the watchful, collective eye the 
multitude taxpaying citizens. 

Such changes, which have taken place three short decades, have forced 
the practicing civil engineer alter his approach and philosophy toward his 
work appreciably. Formerly, designed bridge building for reasonable 
safety and service based what had learned about the theoretical aspects 
design concrete, timber steel. The job selling his design the 
investor was left promoter. Nowadays the civil engineer must make sure 
that his product from the design board will pass the test careful and exten- 
sive economic calculations. His design must not only safe and functional 
but also improvement over existing facilities with optimum economy 
materials, construction and operation the final goal. prove this econo- 
his design the civil engineer himself often has try and sell his prod- 
uct the multitude individuals citizens, who might buy it. With these 
obvious changes professional endeavor before their eyes why have not the 
educators men entering the civil engineering profession kept more 
readily with the times? modern civil engineering curriculum should ade- 
quately meet the challenge for civil engineering graduate 
man serving the construction industry. 


Scope Civil Engineering Curriculum Benefit the 
Construction Industry 


The basic sciences the traditional civil engineering curriculum— 
mathematics, chemistry, and physics—are still indispensable modern 
curriculum. This true the fact that the definition engineering 
passed down through the ages still applicable today. Engineering still 
“The art and science which the properties matter and the sources 
power nature are made useful men structures, machines, and manu- 
factured products.” The properties the materials and the sources 
power nature must originally studied for their chemical and physical 
composition. The civil engineer should understand the fundamentals 
chemical elements and compounds and the changes that can take place 
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chemical reaction. Only with such knowledge can hope comprehend the 
manufacture, properties, and control his infinitely useful materials such 
concrete. How else can hope understand the production the variety 
steels other metals may use? The civil engineering student must 
still learn about the physics involved the passage light and images the 
use his indispensable surveying instruments. The physics heat effect 
and transfer still fundamental problem the allowance for expansion 
and contraction his metals and the setting his concrete. And the effects 
gravitational pull and the Laws Newton introduced physics are im- 
portant the civil engineer today they were century ago. The mathe- 
matics necessary for the solution the reaction equations chemistry and 
the equations the physics laws important today ever before. Fur- 
thermore, many many areas knowledge and endeavor the more special- 
ized field civil engineering necessitate sound background 
for example, consider surveying, hydraulics structural analysis, men- 
tion only few. 

The person whose primary interest engineering applied construc- 
tion often does not think the basic science studies directly beneficial 
his interest. that the case, has taken narrow, uncooperative and 
unimaginative viewpoint. has foresaken the accepted, defined purpose 
his profession make the materials and power nature useful all man- 
kind. has taken principles and the laws nature for granted. has 
resorted the convenience handbooks, tables, rules thumb, and letting 
the carpenter mechanic best can based his experience. 
has fallen into the trap shortsighted expediency for the sake money and 
economy time. Because this lack interest the construction engi- 
neer improving the standards and understanding engineering sciences 
applied construction, the majority engineering educators probably not 
recognize the potential for advancing the education engineers for the con- 
struction industry. They not seem recognize the need for field con- 
struction engineers having better engineering knowledge such basic prob- 
lems pressure from wet concrete stability open cuts earth. Though 
these problems cannot licked solely better understanding the basic 
sciences, sound background chemistry, physics, and math essential 
the attack them. The need for modern civil engineering approach 
hand-in-hand with the ever changing know-how and ingenuity the contrac- 
tor involved. The basic sciences can help this development tremendously. 


Summary Coursework for the Construction Engineer 


This paper has been written point out what one civil engineering educa- 
tor believes should included modernized undergraduate curriculum 
particularly benefit the construction industry. The coverage not intended 
all-inclusive. For instance, the desirable studies engineering report 
writing public speaking highway engineering have not been mentioned. 
summarize what has been discussed this paper, the following outline 
required studies suggested for construction engineers. 


Basic Sciences 


learn about the elements and compounds the materials 
construction. 
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Physics——to learn the fundamentals optics involved surveying, electri- 


city involved electrical power systems, and heat effects materials and 
machines. 


provide the tools for solving great variety engineering 
and other construction problems. 


Engineering Sciences 


able lay out construction the field with due regard for 
accuracy, efficiency and economy. 


understand the production and properties the 
materials they influence their use for construction. 


Mechanics——to learn the fundamentals statics and dynamics tools for 
solving problems involving structures, construction equipment, and the like. 


Design and Analysis 


Structures——to able solve the variety problems construction, gen- 
erally involving temporary structures. 


Soil learn how cope with soils they are found and 
handled the field construction. 


Electrical and Mechanic Power Units——to learn the fundamentals power 
forms most frequently utilized construction equipment and operations. 


Economics and Management 


Engineering understand and appreciate the fundamental ele- 
ments and factors that make the cost engineered construction work. 


Labor Relations——to appreciate the problems working with labor governed 
contracts and laws accomplish construction work. 


Engineering learn the fundamentals law that can applied 


understanding business operations and construction contracts and specifica- 
tions. 


Construction understand and able plan for the construction 


forces that can combined accomplish acceptable and economical con- 
struction. 


Business learn how record-keeping and other business opera- 
tions can maintained for the complete success construction work. 


With study these subject areas part the civil engineering curricu- 
lum colleges engineering the construction industry should expect well 
prepared graduates its employ whom they could call construction engineers. 
should recognized that this amounts ambitious extension the tra- 
ditional undergraduate civil engineering program. the construction industry 
interested receiving this benefit should willing help the colleges 
engineering the best its ability. The needed help should the form 
technical assistance and contributions, money finance the program, and 
advisory guidance. 
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ENGINEERING EDUCATION AND THE CONSTRUCTION INDUSTRY: 
MODERN TRENDS CONSTRUCTION ENGINEERING EDUCATION 


Robert Schiffman,! J.M. ASCE 


FOREWORD 


Construction this nation’s largest single industry. Its 1957 dollar 
volume was billions dollars, per cent the gross national prod- 
uct, yet large anamorphic thing with organization and plan. 
that, offers civil engineering new area opportunity, according 
Oglesby, regain its position among the professional and scientific 
fields.” 

the roots this point the everlasting dichotomy between the con- 
struction industry and the institutions higher learning which turn out civil 
engineers. This must resolved before can enter upon era true 
progress. The old days when “college-kids” had stand awe the time- 
worn construction superintendents who came through the school-of hard- 
knocks are fortunately coming end. Numbered also are the days 
wastefulness caused hyper designs from those devoid any idea what 
problems field man faces, trying construct those didactic details. 

Our contemporary construction methods, materials, and machines can only 
handled technically trained individuals. Modular building parts; pre- 
stressed concrete; precast, tilt-up units; thin shells; soil mechanics; heavy 
nuclear sections; super highways; jet-age airports; launching pads; light 
aggregate; new cement formulae; lightweight alloy structural members; 
stabilized soils; complex multi-purpose and/or specialized machines are all 
the end result scientific thinking and require engineers use these tools 
translate paper designs into tangible structures. This construction! 

realize the divergent thinking that shapes the attitudes the workers 
and the teachers will not united thrice, but this committee feels that 
the opening this whole topic for discussion will hasten the day. Six papers 
were solicited from what felt were the six most stimulating sources, 
three from each camp: 


Note: Discussion open until July Separate discussions should submitted 
for the individual papers this symposium. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. Paper 1956 
part the copyrighted Journal the Construction Division, Proceedings the 
American Society Civil Engineers, Vol. 85, No. February, 1959. 


Asst. Prof. Soil Mechanics, Rensselaer Polytechnic Inst. Troy, 
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Proc. Paper 1954, Dwight Winkleman, (the first chairman the As- 
sociated General Contractors committee education) states the problem 
plain well-chosen words. Then indicates one possible solution. 

Proc. Paper 1955, Professor David Day, (recently taught the Construc- 
tion option the University Illinois and now Chairman Civil 
ing the University Denver) gives the conservative school’s answer. 

Proc. Paper 1956, Professor Robert Schiffman, (who taught 
Columbia and Lehigh and now Renssalaer Polytechnic Institute) renders 
his idea the reactionary concept. 

Proc. Paper 1957, Roger Corbetta, (long advocate the realistic 
approach) expounds yet another facet this field and challenges with 
theory his own. 

Proc. Paper 1958, Letoile the Perini Corporation, heavy 
construction organization with much hard experience) offers compendium 
what some corners industry are doing fill the breach between the engi- 
neering course and the job. 

Proc. Paper 1959, Professor Oglesby (of Stanford University 
which gives degree Civil Engineering Construction) explains the 
situation stands today, recounts the stakes, and offers very practical 
solution. 

This journal illuminated with three dynamic construction photographs 
selected from the files Merritt, Chapman, and Scott Corporation. 

The Committee aware the incompleteness this offering, but 
not the end the subject. Your discussions are what are after. 


Chairman, Construction Division 
Committee Publication 


ABSTRACT 


This paper examines the current trends engineering education towards 
first degree the engineering sciences, and professional training similar 
Law and Medicine. particular this paper looks the needs the con- 
struction industry view these trends education. concluded that 
with the establishment organized job training program the construction 
industry can greatly benefit from such program, that future engineers 
will well versed the basic sciences, and will able bring these 
achievements the industry, unhampered preconceived notions con- 
struction “hardware.” 


The title this symposium detailed aspects presents many the 
problems engineering education today. one instance can imply that the 
engineering colleges owe educational debt the construction industry, and 
therefore should follow the needs and requirements this industry cur- 
ricula matters. Another, possibly independent implication this statement, 
the form plea the construction industry the colleges examine 
their needs. This plea can the form desire for vocational type 
education, the recognition that the engineer the construction job should 
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college trained, and that the day the illiterate construction happily 
gone forever. 

Prior any discussion the needs the construction industry, and the 
desirability specialized education oriented given industry, might 
wise examine the general modern trends scientific education general, 
and engineering education particular. There has been trend toward 
humanization the curricula. The emphasis upon the humanities has vastly 
altered the entire approach engineering. was only fifteen years ago that 
leading eastern civil engineering school offered nine credit hours liberal 
arts out total one hundred forty nine credit hours required for 
batchelors degree. These nine credit hours consisted three courses, one 
being freshman English, the second being public speaking and the third being 
elementary economics. the case English and economics, there were 
special sections for engineers, since they were allegedly incapable the 
same achievements other students. Such disregard for the liberal arts 
unthinkable today, and the present feeling among many engineering educa- 
tors that the 20% 30% the curriculum presently devoted the liberal 
arts insufficient. 

Another trend that has arisen, since World War II, the gradual emphasis 
science “Why,” and the deemphasis old-fashioned engineering and the 
“how to” approach. Just about every engineering curriculum has varying 
degrees shifted the emphasis the sciences. The reasons for this shift are 
direct and simple. Our technological society becoming complex, that 
the solutions engineering problems can longer attacked with proce- 
dural rule-of-thumb methods. result, the engineer relying 
greater measure the fundamental sciences achieve solutions every- 
day problems. performing this shift there also has occured polarization 
the engineering curricula about the engineering sciences. Realizing that 
compete this modern world the engineer must able cross disci- 
plines. Many academic institutions have abandoned the traditional degrees 
branch and are awarding all engineering graduates single batchelor’s 
degree engineering science. This movement more general and cen- 
tralized degree not mere ripple radical fringe schools, but the 
contrary, ground swell ever increasing proportions, which year 
year more and more the larger engineering schools are converting their 
entire program common degree oriented the basic engineering 
sciences. 

This the future! now remains only discuss whether this future 
bodes well, indifferently, poorly for the construction industry. consider- 
ing this, must accept absolute that modern engineering curricu- 
lum, courses formerly entitled “Construction Methods,” “Construction 
Equipment,” and the like, are not included. Thus, would seem first 
glance that the present trend engineering education remove any em- 
phasis towards training men for the construction industry. This not 
necessarily so, and fact, upon deep and subtle reflection, the removal 
“hardware” courses from our curriculum will eventually great advan- 
tage the construction industry. 

present, courses that are directly oriented construction, are best 
taught academic personnel, who have had wealth experience indus- 
try. These people, bring the student some portion their own experience 
and ideas, the hope that progress will achieved. Since construction 
not theoretical science, all that the teaching can hope pass 
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previous experience. Thus, the teaching construction methods can 
best long look into the past. Except from historical point view, this 
completely contrary the aims education, one which look into the 
future. program the engineering sciences, will develop the student 
higher degree detailed knowledge all the fundamental sciences, that 
the young engineer interested construction will position not only 
solve the old problems, but also make advances the art construction, 
unhampered preconceived notions and dogmas. 

may argued some, that the technical emphasis engineering 
science program unbalanced for the needs construction, and that 
would best that the preparation for career construction less techni- 
cal and devoted more the social sciences. This is, from off-hand 
view, certainly true. Upon closer examination, however, should appar- 
ent that the construction industry its very nature probably more diverse 
than almost any other branch Civil Engineering. Just considering the 
various trades employed the usual construction job, the competent engi- 
neer must well grounded all subjects. From the start the job, the 
engineer should familiar with surveying, layout the site. During excava- 
tion should qualified soil mechanics, supervise proper exca- 
vation procedures, such the proper slopes, unwatering and other problems 
related the foundation. With the building the superstructure the engi- 
neers must familiar with the principles structural engineering, well 
hydraulics for piping, mechanicai engineering, supervise the mechanical 
trades, and electrical engineering supervise the electrical trades. These 
are only the technical aspects the construction engineer’s work. addition 
these technical aspects, the construction engineer must able adminis- 
ter and must capable undertaking accounting procedures. four 
even five year engineering program will supply sufficiently all the factual 
knowledge necessary for absolute competence all the above fields. The 
reasonable alternatives are two number. the first place, can rely 
completely apprenticeship training, the job, develop competent 
construction engineers. light the present economic development the 
United States, this throwback the early days costly and unwise, and will 
not fit the needs. The apprentice system may train, after many years, men 
capable supervising one type construction, but will not train engineers 
capable competence the many diverse forms building. The second 
alternative employ engineers with broad, well grounded knowledge 
the fundamental sciences, and then establish, through the professional 
societies, relatively short (one two years maximum) program job 
training acquaint the budding construction engineer with the particular 
problems his industry. Such program job training not novel in- 
dustry. Some segments the steel industry just this their “loop 
courses,” and find successful that almost requirement for any one 
hoping rise executive status. Such programs are beneficial every one 
concerned. the engineering colleges, these programs enable the concen- 
tration fundamentals, and the elimination courses devoted “hardware.” 
industry they are beneficial, that the particular needs industry can 
satisfied those people who are the best judges those needs, namely 
the members the industry question. This program has the further ad- 
vantage that fits the current trends engineering education, toward the 
engineering sciences. 
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Today’s engineer qualified specific branch generally re- 
quired pursue advanced degree. our technology expands, the under- 
graduate program will increasingly devoted the fundamental sciences, 
and the engineering specialization will reserved for graduate program 
professsional training similar Law and Medicine. The eventual univer- 
sal adoption such curricula not doubt. The only question whether 
the various industries, such construction, will make the best use this 
program. 

order best utilize manpower emanating from the colleges the fu- 
ture, suggested that the construction industry consider adopting type 
“loop” course program train the graduating engineering scientist the 
specialties the industry. This program should not left individual 
contractors administer, due financial considerations, and the con- 
siderations giving the young engineer the broadest possible background. 

suggested that this program administered the professional socie- 
ties, and that they, through their committees, plan the program, and adminis- 
ter placement personnel the program, with the consent and advice the 
individual contractors involved. 

return specifically the needs the construction industry vis-a-via 
the engineering colleges, they are mainly the training young men the 
fundamental sciences, that upon graduation they will have achieved the 
proper background for specialized study and work construction. this 
way, will not only raise professional standards from the “hardware” 
school endeavor, but will open construction the modern sciences. 
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ENGINEERING EDUCATION AND THE CONSTRUCTION INDUSTRY: 
THE ENGINEERING PROFESSION CONSTRUCTION 


Roger Corbetta 


Construction this nation’s largest single industry. Its 1957 dollar 
volume was billions dollars, per cent the gross national prod- 


uct, yet large anamorphic thing with organization and plan. 
that, offers civil engineering new area opportunity, according 
Oglesby, regain its position among the professional and scientific 
fields.” 


the roots this point the everlasting dichotomy between the con- 
struction industry and the institutions higher learning which turn out civil 
engineers. This must resolved before can enter upon era true 
progress. The old days when “college-kids” had stand awe the time- 
worn construction superintendents who came through the school-of hard- 
knocks are fortunately coming end. Numbered also are the days 
wastefulness caused hyper designs from those devoid any idea what 
problems field man faces, trying construct those didactic details. 

Our contemporary construction methods, materials, and machines can only 
handled technically trained individuals. Modular building parts; pre- 
stressed concrete; precast, tilt-up units; thin shells; soil mechanics; heavy 
nuclear sections; super highways; jet-age airports; launching pads; light 
aggregate; new cement formulae; lightweight alloy structural members; 
stabilized soils; complex multi-purpose and/or specialized machines are all 
the end result scientific thinking and require engineers use these tools 
translate paper designs into tangible structures. This construction! 

realize the divergent thinking that shapes the attitudes the workers 
and the teachers will not united thrice, but this committee feels that 
the opening this whole topic for discussion will hasten the day. Six papers 
were solicited from what felt were the six most stimulating sources, 
three from each camp: 

Proc. Paper 1954, Dwight Winkleman, (the first chairman the As- 
sociated General Contractors committee education) states the problem 
plain well-chosen words. Then indicates one possible solution. 


Note: Discussion open until July 1959. Separate discussions should submitted 
for the individual papers this symposium. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. Paper 1957 
part the copyrighted Journal the Construction Division, Proceedings the 
American Society Civil Engineers, Vol. 85, No. February, 1959. 

Pres., Corbetta Construction Co., New York, 
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Proc. Paper 1955, Professor David Day, (recently taught the Construc- 
tion option the University Illinois and now Chairman Civil 
ing the University Denver) gives the conservative school’s answer. 

Proc. Paper 1956, Professor Robert Schiffman, (who taught 
Columbia and Lehigh and now Renssalaer Polytechnic Institute) renders 
his idea the reactionary concept. 

Proc. Paper 1957, Roger Corbetta, (long advocate the realistic 
approach) expounds yet another facet this field and challenges with 
theory his own. 

Proc. Paper 1958, Letoile the Perini Corporation, heavy 
construction organization with much hard experience) offers compendium 
what some corners industry are doing fill the breach between the en- 
gineering course and the job. 

Proc. Paper 1959, Professor Oglesby (of Stanford University 
which gives degree Civil Engineering Construction) explains the 
situation stands today, recounts the stakes, and offers very practical 
solution. 

This journal illuminated with three dynamic construction photographs 
selected from the files Merritt, Chapman, and Scott Corporation. 

The Committee aware the incompleteness this offering, but 
not the end the subject. Your discussions are what are after. 


Chairman, Construction Division 
Committee Publications 


ABSTRACT 


The European method one man being responsible for turn key job from 
start finish should applicable here, that is, the conceiver and designer 
should also the estimater, construction consultant and constructor, that 
any person responsible himself for job from start finish. This the 
essence opinion good construction practice and education for this 
should terms the means toward the end. 


What the Construction Industry should have from Engineering Colleges 
constant flow new CONSTRUCTORS qualified design and build their 
own structures. 

Equally important the need for Engineers with instinct for evaluation 
quantities and design. 

The proper appraisal quantities, conditions, and development schema- 
tics construction the key successful construction firms. 

Scheduling work units, organizing workers, and instructing men se- 
quence operations performed with speed, safety and economy or- 
derly fashion task for which Engineers should trained. 

LEADERSHIP important the Construction Industry any other 
field. Perhaps concentrated course PUBLIC SPEAKING would create 
SELF CONFIDENCE the student, and thereby develop him the art 
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influencing people his ability express himself group. One’s point 
view more readily accepted presented clearly and without timidity and, 
therefore, encourages that person carry more effectively. timid 
person, although brilliant, sometimes frustrated because his inability 
successfully convey his ideas others. 

The Construction Industry and the Engineering Profession, well the 
Public large, would ultimately benefit encouraging ENGINEERING stu- 
dents think terms establishing their OWN building and/or 
tion firms. Emphasis should placed the advantages selling their 
services the basis furnishing Design AND Construction “single 
package.” 

The present custom Architects, Engineers and Contractors being 
separate entities, too often completely disinterested each other, most 
inefficient and costly. The European custom the Architect and/or Engineer 
being required construct his own creation should given serious consid- 
eration for the future. 

The concept the Architect and/or Engineer being Contractor well 
Designer would make for appreciable economy through the elimination 
present-day methods inspection the part Owners and the Designers. 

The benefits that will accrue from the curtailment excessive indulgence 
so-called “factors safety” due the uncertainty the part the de- 
signer to, “Who will build this structure?”, are inestimable. 

Public Building Departments could curtailed materially perhaps 
eliminated licensed, Professional Engineers would not only design but 
build their own structures and, consequently, assume full responsibility 
the structure safety. 

Certainly, licensed, professional person should relied upon conduct 
the construction operation with the proper element safety and honesty, 
especially failure would mean loss license and perhaps other 
appropriate punishment. 

Engineers should trained assume full responsibility for their design. 
better way can they accept more completely this full responsibility than 
construct the structure and not limit their activities the design alone. 

CIVIL ENGINEERING should not fearful great numbers young folk 
today leaning toward the subject outer space and other kindred subjects, 
because Civil Engineering can manage with fewer number but better quali- 
fied students and graduates. 

Those not blessed with aptitude, understanding and resourcefulness, cour- 
age and daring, would more happy life advised and encouraged en- 
gage some other occupation more suitable their ability and liking. They 
should discouraged from pursuing the subject Engineering. 

Serious consideration might given the many advantages that would 
accrue the Engineering Profession, the Colleges, and the Construction In- 
dustry one the requirements for entering College Engineering that 
applicants must have had minimum two years experience construction 
work the field, and credits given the basis the varied types work 
performed that period. Two years field experience might well help Stu- 
dent decide the extent his interest Civil Engineering and Construction. 
The Student with field experience would better qualified grasp the prob- 
lems and study Civil Engineering. 
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What the Construction Industry NEEDS is: 


constant flow new CONSTRUCTORS qualified design and build 
their own structures. 


Engineering Colleges should concentrate development INGENUITY 
Construction and encourage keen interest therein. 


Perhaps periodic talks “Experiences Construction” successful 
Contractors might helpful inspiring and whetting appetities Students 
for Construction from design turnkey. 


Outstanding men are those who have affinity and passion for their 
professions. useless for one not possessing natural good voice 
aspire prominence Singer. 
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Proceedings the American Society Civil Engineers 
nts 


ENGINEERING EDUCATION AND THE CONSTRUCTION INDUSTRY: 
CAMPUS CONSTRUCTION 


Letoile 


FOREWORD 


Construction this nation’s largest single industry. Its 1957 dollar 
volume was billions dollars, per cent the gross national prod- 
uct, yet large anamorphic thing with organization and plan. 
that, offers civil engineering new area opportunity, according 
Oglesby, regain its position among the professional and scientific 
fields.” 

the roots this point the everlasting dichotomy between the con- 
struction industry and the institutions higher learning which turn out civil 
engineers. This must resolved before can enter upon era true 
progress. The old days when “college-kids” had stand awe the time- 
worn construction superintendents who came through the school-of-hard- 
knocks are fortunately coming end. Numbered also are the days 
wastefulness caused hyper designs from those devoid any idea what 
problems field man faces, trying construct those dedactic details. 

Our contemporary construction methods, materials, and machines can only 
handled technically trained individuals. Modular building parts; pre- 
stressed concrete; precast, tilt-up units; thin shells; soil mechanics; heavy 
nuclear sections; super highways; jet-age airports; launching pads; light 
aggregate; new cement formulae; lightweight alloy structural members; 
stabilized soils; complex multi-purpose and/or specialized machines are all 
the end result scientific thinking and require engineers use these tools 
translate paper designs into tangible structures. This construction! 

realize the divergent thinking that shapes the attitudes the workers 
and the teachers will not united thrice, but this committee feels that 
the opening this whole topic for discussion will hasten the day. Six papers 
were solicited from what felt were the six most stimulating sources, 
three from each camp: 


Note: Discussion open until July 1959. Separate discussions should submitted 
for the individual papers this symposium. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. Paper 1958 
part the copyrighted Journal the Construction Division, Proceedings the 
American Society Civil Engineers, Vol. 85, February, 1959. 

Perini Corp., Framingham, Mass. 
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Proc. Paper 1954, Dwight Winkleman, (the first chairman the As- 
sociated General Contractors committee education) states the problem 
plain well chosen words. Then indicates one possible solution. 

Proc. Paper 1955, Professor David Day, (recently taught the Construc- 
tion option the University Illinois and now Chairman Civil 
ing the University Denver) gives the conservative school’s answer. 

Proc. Paper 1956, Professor Robert Schiffman, (who taught 
Columbia and Lehigh and now Renssalaer Polytechnic Institute) renders 
his idea the reactionary concept. 

Proc. Paper 1957, Roger Corbetta, (long advocate the realistic 
approach) expounds yet another facet this field and challenges with 
theory his own. 

Proc. Paper 1958, Letoile the Perini Corporation, heavy 
construction organization with much hard experience) offers compendium 
what some corners industry are doing fill the breach between the en- 
gineering course and the job. 

Proc. Paper 1959, Professor Oglesby (of Stanford University 
which gives degree Civil Engineering Construction) explains the 
situation stands today, recounts the stakes, and offers very practical 
solution. 

This journal illuminated with three dynamic construction photographs 
selected from the files Merritt, Chapman, and Scott Corporation. 

The Committee aware the incompleteness this offering, but 
not the end the subject. Your discussions are what are after. 


Chairman, Construction Division 
Committee Publications 


ABSTRACT 


Most times the construction industry does not get what wants from the 
colleges and henceforth obliged something order fill the gap 
what they get from the colleges and what they desire for their practice. This 
one organization has established its own four year training program, take 
college graduate, put him through this and evolve with young construction 


executive. This one method arriving properly trained personnel for 
this field. 


dollar volume, number employees and almost any other yardstick, 
the construction industry the largest the world. Strangely, however, 
very few our universities and technical schools offer courses specifically 
designed prepare young men for careers construction. fact, the re- 
cent educational trend has been stress theory more and more, and leave 
the practical approach and application theory the employer. With this 
emphasis theory, the development the “specialist” came into being, and 
while there may place for him other fields science, generally speak- 
ing, the opportunities for such man construction supervisor are limited. 
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This not meant imply that first-rate contractor does not employ 
specialists. There are men who perform certain specialized tasks such 
pre-stressed concrete, for instance and eventually become supervisory 
heads such departments within large construction organizations. 

However, most our heavy construction companies perform all types 
work dams, bridges, highways, tunnels, powerhouses, railroads, etc. 
and probable that any one company will have preponderance one 
two these types projects over given period. Therefore, man whose 
training has been guided through variety projects, and who can adapt 
himself supervising any type job, invaluable asset heavy con- 
struction contractor. The top-salaried supervisors heavy construction to- 
day are men whose experience varied that affords their employers 
flexibility assignment matter what type project comes along. 

Various contractor associations have approached engineering schools 
effort supplement the teaching theory with practical courses construc- 
tion, but most educators seem opposed such programs. Consequently, the 
contractors have found necessary assume the task practical job train- 
ing from campus superintendent. 

What further development and training required the construction in- 
dustry for engineering and technical graduates? Like most industries, con- 
struction candidates are required through period training designed 
apply their theory and book learning practical construction problems, 
and deal with and handle men the performance construction work. 

Until recent years, most training programs the construction industry 
were informal and not too clearly defined time objective. Unlike 
most industries with formal training programs industries with manufactur- 
ing processes, plant locations, products, and the like that enjoy certain 
amount stability the contractor performs his work variety loca- 
tions and invariably the projects builds are well diversified. Fig. 
the Priest Rapids Dam job good example. Consequently, supervisory 
training the construction industry must, necessity, flexible, but 
noteworthy that recent years some industry leaders have formalized their 
construction training and the results have been very rewarding. 

Six years ago, for example, one our leading contractors embarked 
four year formal training program for engineering graduates designed 
primarily develop supervisory personnel. Although the four year period 
basic, the program itself flexible that the trainee can given longer 
training his weaknesses and devote less time his strong points. How- 
ever, the company does not allow the trainee omit any the program’s 
required phases. 

Word success gets around fast the construction industry, particularly 
when two three young engineers under thirty years age blossom out 
full-fledged project managers multi-million dollar projects. result, 
other progressive contractors followed suit and instituted with almost identi- 
cal trainee programs. 

Basically, construction training program includes the following phases, 
although the time element for each may vary with the company: 


Quantity Take-off and Office Procedures Months 
Mechanical Months 
Electrical Months 
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Fig. Priest Rapids Dam. 
Field Engineering and Layout Months 
Carpenter Foreman Months 
Concrete Foreman Months 
Excavation and Grade Foreman Months 
Rock Drilling and Grouting Foreman Months 
Drainage and Structures Foreman Months 
10. Cost Engineering, Purchasing, Administration Months 
11. Estimating Months 
gets cost problems the mechanical and elec- 


trical phase. The company does not intend make mechanical expert out 
him four months, but expected acquire the knowledge any good 


superintendent should have working with master mechanic. this 


course the trainee analyzes the equipment repair costs, the time involved 
making repairs and the production loss resulting from out-of-service equip- 
ment. 

The trainee gets his first taste supervision when sent out 
carpenter foreman. given crew men for which responsible. 
does form work and keeps track costs, materials and labor. This 


a 
i ij ff 4 


— 


col ENGINEERING-CONSTRUCTION 


training phase, well all other foreman phases, may split into two 
separate jobs such power house highway bridge. 

concrete foreman, student given crew men and charge 
concrete placement. the trainee has worked highway dam dur- 
ing his first foreman job, the company will attempt put him into tunnel 
work during his service concrete foreman. 

When has completed the various foreman courses, the trainee returns 
company office for cost engineering, purchasing, administration and es- 
timating. This last phase estimating separate course, and with the 
combination experience the field and the office the student ina 
position take off quantities and start pricing the items for which the com- 
pany submitting bids. 

With the completion the estimating course, the trainee has finished four 
years the program. Not all trainees, course, can make the grade 
four years, now the company must appraise the trainee and determine his 
capability before allowing him assume supervisory responsibility. Gen- 
erally, companies have found that trainees who worked construction during 
vacations while college are most likely succeed four years. 

Upon completion the course, the trainee assigned assistant 
superintendent assistant engineer. For six months sent out one 
project and given the responsibility several work crews, reporting either 
the project manager the general superintendent. The next six months 
still serving assistant superintendent assistant engineer the 
trainee works different project under another project manager. 

When the final year training completed, successful trainee 
graduated the position superintendent charge construction job. 
From here the man’s progress himself. His work guided 
higher officials the company and promotions project engineer, project 
manager, and finally company executive will usually follow fast the 
man develops. good construction firm can only grow successfully pro- 
portion the number well-trained men develops. 

sum up, construction training program bed roses and de- 
mands hard work, long hours, patience and initiative. Yet today success 
business can only achieved this type serious application the 
individual. The rewards, however, are great not only from financial 
standpoint, but also from the satisfaction that comes from accomplishment 
and the knowledge the invaluable contribution the men construction make 
daily the well-being and economy the United States and our way life. 
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Proceedings the American Society Civil Engineers 


ENGINEERING EDUCATION AND THE CONSTRUCTION INDUSTRY: 
WHAT THE INDUSTRY SHOULD HAVE FROM THE COLLEGES 


and John Fondahl,2 A.M. ASCE 


FOREWORD 


Construction this nation’s largest single industry. Its 1957 dollar 
volume was billions dollars, per cent the gross national prod- 
uct, yet large anamorphic thing with organization and plan. 
that, offers civil engineering new area opportunity, according 
Oglesby, regain its position among the professional and scientific 
fields.” 

the roots this point the everlasting dichotomy between the con- 
struction industry and the institutions higher learning which turn out civil 
engineers. This must resolved before can enter upon era true 
progress. The old days when “college-kids” had stand awe the time- 
worn construction superintendents who came through the school-of hard- 
knocks are fortunately coming end. Numbered also are the days 
wastefulness caused hyper designs from those devoid any idea what 
problems field man faces, trying construct those didactic details. 

Our contemporary construction methods, materials, and machines can only 
handled technically trained individuals. Modular building parts; pre- 
stressed concrete; precast, tilt-up units; thin shells; soil mechanics; heavy 
nuclear sections; super highways; jet-age airports; launching pads; light 
aggregate; new cement formulae; lightweight alloy structural members; 
stabilized soils; complex multi-purpose and/or specialized machines are all 
the end result scientific thinking and require engineers use these tools 
translate paper designs into tangible structures. This construction! 

realize the divergent thinking that shapes the attitudes the workers 
and the teachers will not united thrice, but this committee feels that 
the opening this whole topic for discussion will hasten the day. Six papers 


Note: Discussion open until July 1959. Separate discussions should submitted 
for the individual papers this symposium. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. Paper 1959 
part the copyrighted Journal the Construction Division, Proceedings the 
American Society Civil Engineers, Vol. 85, No. February, 1959. 

Prof. Civ. Eng., Stanford Univ., Stanford, Calif. 


Asst. Prof. Civ. Eng., Stanford Univ., Stanford, Calif. 
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were solicited from what felt were the six most stimulating sources, three 
from each camp: 

Proc. Paper 1954, Dwight Winkleman, (the first chairman the As- 
sociated General Contractors committee education) states the problem 
plain well-chosen words. Then indicates one possible solution. 

Proc. Paper 1955, Professor David Day, (recently taught the Construc- 
tion option the University Illinois and now Chairman Civil 
ing the University Denver) gives the conservative school’s answer. 

Proc. Paper 1956, Professor Robert Schiffman, (who taught 
Columbia and Lehigh and now Renssalaer Polytechnic Institute) renders 
his idea the reactionary concept. 

Proc. Paper 1957, Roger Corbetta, (long advocate the realistic 
approach) expounds yet another facet this field and challenges with 
theory his own. 

Proc. Paper 1958, Letoile the Perini Corporation, heavy 
construction organization with much hard experience) offers compendium 
what some corners industry are doing fill the breach between the en- 
gineering course and the job. 

Proc. Paper 1959, Professor Oglesby (of Stanford University 
which gives degree Civil Engineering Construction) explains the 
situation stands today, recounts the stakes, and offers very practical 
solution. 

This journal illuminated with three dynamic construction photographs 
selected from the files Merritt, Chapman, and Scott Corporation. 

The Committee aware the incompleteness this offering, but 
not the end the subject. Your discussions are what are after. 


Chairman, Construction Division 
Committee Publications 


ABSTRACT 


This paper attempts face squarely the joint problems confronting 
civil engineering education and the construction industry. Construction 
should not considered business but definite corner the civil 
engineering profession. civil engineer must therefore make the most use 
his knowledge acquired college order the work engineering 
and management. The civil engineering profession has much gain 
strengthening its ties with construction and should done construction 


sponsored research the colleges, well bolstering the college cur- 
riculum. 


INTRODUCTION 


The “Report Task Committee Professional Education”(1) prepared 
group distinguished members the American Society Civil Engineers 
merits the serious attention all Society members. Its findings leave little 
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room for complacency; rather they demonstrate clearly that civil engineer 
ing has lost stature when compared other fields engineering and science. 
Among the reasons given for this loss are that other fields appear offer 
greater challenge and opportunity, higher regard from the public, and 
larger financial rewards. 

The Task Committee made several recommendations for improving the 
status civil engineering. One these was that “The American Society 
Civil Engineers should give greater attention the needs the construction 
industry and the development programs whereby the Society and the en- 
gineering colleges may better serve the industry.” Without question, this 
recommendation offers real possibilities. Construction, basically civil 
engineering function. requires the knowledge and application such funda- 
mental subjects structural theory, soil mechanics, hydraulics, and engi- 
neering economy. true that construction combines management functions 
with civil engineering, but has manufacturing combined mechanical engi- 
neering with management. Construction the nation’s largest single indus- 
try, with 1957 dollar volume $47,000,000,000, percent the gross 
national product. offers almost new area opportunity that can help 
civil engineering regain its position among the professional and scientific 
fields. 

the past, the prevailing attitude civil engineers and civil engineering 
educators has been that construction not part civil engineering. Asa 
result this attitude, construction has been largely ignored civil 
ing education. However, since World War growing awareness and at- 


tention construction has been developing number engineering schools. 


the purpose this paper explore briefly the following topics regard- 
ing education for construction. 


The place the civil engineer construction. 


The responsibility civil engineering schools educate men for the 
construction industry. 


The contribution that civil engineering schools can make construction. 


Current practices and trends engineering education for the construc- 
tion industry. 


The place the civil engineer construction 


indicated above, the Task Committee Professional Education recom- 
mended that the Society and colleges should better serve the construction in- 
dustry. This statement the committee recognizes the Society’s policy 
including qualified men from the construction industry its membership, 
thereby classifying them professional civil engineers. matter 
fact, members with construction interests constitute the second-largest seg- 
ment the society, registration technical divisions can employed 
measure.(2) the 49,539 registrations for 1957 the technical divi- 
sions, 8,190 were the construction division. Only structural, with 12,000 
members, was larger. The next two most numerous listings were soil me- 
chanics and foundations with 5493 and highway with 5280. 

From somewhat different point view, that the major industries with 
which civil engineers are concerned, construction predominates. compre- 
hensive survey made 1946(3) shows that percent all the civil engi- 
neers polled are affiliated with construction activities, contrasted with 
utilities 9.1 percent, personal services (including education) 7.4 percent, 
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manufacturing 7.4 percent, and transportation 4.2 percent. There is, then, 
much evidence that construction area primary importance civil 
engineers. the other hand, many civil engineers not consider con- 
struction legitimate part civil engineering. For example, the Task Com- 
mittee reported that “only small percentage the educators interviewed 
believe that the responsibility the engineering colleges provide 
training the practical and business side engineering.” Admittedly, 
“practical and business” and “construction” are not synonymous terms. Yet 
the parallel close enough, when verified several year’s observation, 
support the contention that many civil engineering educators believe that edu- 
cation for the construction industry not proper function engineering 
colleges. Again, some states the boards professional registration dis- 
count refuse give credit for experience that has been gained con- 
tractor’s organization. least one state organizations consulting en- 
gineers have taken militant action make professional registration for 
engineers the employ contractors difficult nct impossible. The model 
registration law sponsored the National Society Professional Engineers 
goes even farther. singles out contractor’s and only them, 

for unfavorable mention. Section 12-6, titled, Work Contractor, reads 
follows: “The mere execution, contractor, work designed pro- 
fessional engineer the supervision the construction such work 
foreman superintendent shall not deemed the practice engi- 
neering.” While there little doubt that many cases the execution such 
work not equivalent the practice engineering, other cases the “mere 
execution” the work may require engineering skill and knowledge surpassing 
that the professional engineer who responsible for the design. Such 
clause will probably result construction experience being automatically re- 
jected. There reason why both construction and design experience cannot 
examined face value judge appropriate degree engineering 
competence has been required. 

This the part many civil engineers admit that con- 
struction civil engineering arises mainly through failure recognize 
how greatly construction organizations have changed the last decade so. 
years past construction operations predominately were managed ambi- 
tious tradesmen who hard work and perserverance became owners and 
superintendents. Certainly these men, able they were, could not 
classed civil engineers. recent years this situation has changed 
markedly and the change continuing even faster rate. the presi- 
dent one large construction firm puts “Construction being taken over 
professional people engineers, accountants and lawyers.” Increasingly, 
graduate engineers are being employed contractors developed into 
managers and construction superintendents. 

There much evidence demonstrate how construction personnel 
changing. Replies questionnaire circulated 1955 the Associated 
General Contractors,(4) expanded cover the industry, would indicate 
that the contractor’s needs for civil engineers would equal the output all 
accredited schools the United States. Although these conclusions may 
represent unwarranted extension limited data, since based 
percent reply the questionnaire, they indicate clearly that contractors 
are turning increasingly the engineering schools for their future executives 
and supervisors. Engineering teachers can testify that their graduates 
large numbers are entering construction firms. Statistics gathered the 
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Associated General Contractors(5) 1955 indicate that between and 
percent the civil engineering graduates enter construction graduation 
and more change sometime after graduation. specific example, 
the order one-third all civil engineering graduates from Stanford since 
World War are with contractors. All the signs are that within few years, 
high percentage all construction management will graduate engineers. 

least two forces have contributed the shift engineers manage- 
ment personnel for contractors. One these the increasing size and 
complexity construction projects which demands that construction supervi- 
sion have greater ability visualize, analyze, and fit the many fragments 
into integrated whole. Along with this increased complexity work has 
come the realization contractors that engineers are more than 
makers” and “surveyors.” Particularly during World War II, many contrac- 
tors were forced hire engineers work closely with them, and 
doing, the contractors discovered that engineers had talents that before had 
gone unnoticed. 

second reason for the shift engineers that trade unionism has 
clogged the traditional source construction supervision, which was the 
ranks skilled tradesmen. Contractors increasingly are saying that many 
today’s workmen have developed such strong union loyalties and are in- 
grained with union thinking that they not make good members the man- 
agement team. Also, tightened jurisdictional lines prevent the tradesman 
from gaining the breadth knowledge important good supervision. 

Civil engineers employed contractors are often called engineer 
ing design well management and supervision. many cases the prob- 
lems encountered are equal difficulty, not more difficult than those 
the design engineers who developed the original plans for the project. For 
example, cofferdams, caissons, falsework and other temporary installations 
may present much more difficult situations than are involved the perma- 
nent structure. Again, the design contractor’s plant often calls for skills 
from every area the civil engineer’s education, including structures, hy- 
draulics, soil mechanics, highways, electrical engineering, and thermody- 
namics. 

The picture construction work the Baltimore harbor (Fig. 
shows some these skills operation. 

Why large numbers civil engineers find work with contractors 
preferable that the more traditional areas? single answer applies 
all cases, but some the most common are: 


Construction offers earlier opportunity for responsibility. most 
contracting organizations, engineers quickly are placed positions 
responsibility where they are faced with technical and management decisions 
considerable importance. contrast, many public agencies and private 
design offices, young engineers may serve several years routine surveying, 
drafting, and other menial chores before they have this opportunity. Word 
these differences travels fast the college and post-college grapevines 
and soon influence both new employment and job transfers. 

Many civil engineers feel strongly that college graduates need several 
years apprenticeship before they are given authority make important deci- 
sions. This question could argued length, but not pertinent this 
discussion. the young engineer has choice, most certainly will choose 
the position that promises early responsibility. 
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Fig. Baltimore Harbor Tunnel. 


Construction offers feeling permanence and belonging. The con- 
struction industry becoming increasingly aware that the key success 
talented and loyal personnel. Where once contractors hired men for single 
project and dropped them when was over, many firms now offer permanence 
better than that numerous engineering offices. the same time, the con- 
tractors often have profit-sharing and bonus plans and retirement and insur- 
ance schemes equal better than those available elsewhere, and even 
more important, contractors are including their engineers members the 
top management team far greater extent than many engineering firms do. 

Contrary popular belief, the writers’ experience indicate that perma- 
nence employment, once the trial period over, good with contrac- 
tors with public agencies and most private engineering firms. contrast, 
continuity employment least certain with the private consulting firms 
that have highly variable work loads. The design staffs some engineer- 
contractor firms are likewise affected. Engineers with these firms often find 
themselves included pool engineers and draftsmen that moves from 
company company. Many them have the status temporary employees 
and have little chance ever become truly part the firm. 


Construction offers financial incentives the man who willing 
work for them. general rule, starting salaries with contractors are 
about the same with public agencies and private consulting firms. How- 
ever, the engineer who does well with contractor will find that salary 
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increases come more rapidly and that the ceiling higher than other 
fields. common with private practice, construction also offers the oppor- 
tunity for the man have his own business. This avenue course closed 
the engineer who chooses public works career. the other hand, 
construction not for the man who wants 40-hour week with the leisure 
time activities that accompany it. must expect long hours and inten- 
sive work pace. 


Construction offers wide variety problems requiring the use 
every phase the engineer’s education. Moreover probable that each 
day will present new situations. Many engineers feel that such diversification 
offers more challenge and stimulation than those fields that tend invoke 
specialized routine duties. 


Thus, construction offers challenge, financial rewards, and variety work 
equal better than that found other areas civil engineering. 


The responsibility civil engineering schools educate 
men for the construction industry 


Central the problem civil engineers construction the recommen- 
dation the Task Committee that the engineering colleges better serve the 
construction industry. This recommendation implies that engineering schools 
have responsibility alter supplement their present offerings order 
direct more attention construction. The question “Does such 
responsibility exist?” 

Spokesmen for the construction industry say emphatically that traditional 
civil engineering education should modified meet construction needs. 
Eighty-eight percent the contractors who replied the 1955 AGC survey 
stated that they preferred emphasis training general management, con- 
struction planning, and plant layout rather than advanced engineering de- 
sign. Any sampling the opinions engineering graduates now engaged 
construction will provide strong support for this statement. Thus, civil 
engineering schools wish meet the needs that segment their graduates 
that enter construction re-examination present offerings certainly 
order. 

The arguments those from the industry will carry little weight with en- 
gineers and engineering teachers who believe that construction really not 
civil engineering and that those who enter are reality leaving the profes- 
sion. However there are other considerations. For one thing, civil engineer- 
ing designs are not end themselves; they must converted into con- 
crete, steel, and other materials, and this conversion called construction. 
the designer knows nothing construction practices, procedures, and costs 
cannot possibly produce really economical designs. Neither will able 
oversee construction work properly and fairly. Thus, some minimum 
knowledge construction essential civil engineers designers and 
field engineers. 

broader sense, civil engineering profession will gain far more 
than loses strengthening its ties with construction. First all, the 
glamour and appeal construction will attract many able young men into 
civil engineering schools avenue into construction. Enrollments will 
increase contrast the present decrease, which will help regain some 
the status that has been lost other branches. Other areas civil 
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engineering will also gain men, some those who start toward construc- 
tion will develop other interests instead. years ahead the American So- 
ciety Civil Engineers and other professional societies will strength- 
ened increase membership. Construction practices will themselves 
improved for, with more civil engineers construction, there will in- 
creased probability that the ideas and wishes the design engineer will 
followed closely, since the contractors’ staff will better understand the de- 
signer’s intentions. Construction work will proceed more smoothly and har- 
moniously, because mutual understanding between designer and field engi- 
neer the one hand and contractor the other. The end result will 
better and more economical projects for the engineer’s clients. 

also worth while consider the results civil engineering 
education largely ignores construction. the first place, construction 
demanding and will find technically trained personnel since offers the re- 
wards that attracts competent men. Thus, civil engineering does not meet 
its requirements other branches learning will. Already some schools 
architectural engineering, architecture, and business have developed curricu- 
lums specifically aimed construction. 1956, least nineteen schools 
offered curriculums and degrees “light construction”(6) and numerous 
others have discussed programs construction engineering. Industrial en- 
gineering and management consultants also are looking toward construction 
fruitful field. The signs are plain: civil engineering ignores con- 
struction, other schools and departments will absorb new departments 
will develop. There is, for example, the case where mechanical engineering 


grew away from manufacturing and left void that now filled industrial 
engineering. 


The Contribution that Civil Engineering Schools Can Make 
Construction 


Assuming agreement the idea that construction integral part 
civil engineering and that the schools have responsibility toward it, there 
then the further question “What contribution, any, can the engineering 
schools make construction?” 

Before discussing this topic detail, some consideration basic ideas 
and attitudes order. First all many engineering educators who are 
unacquainted with the subject think that construction courses are “trade 
school stuff” and not proper subjects for university study credit. 
must admittea that construction courses can taught trade-school 
level with principal attention devoted routine computations, memorization, 
and endless details “how it.” However, this problem not unique 
construction courses; Are not many courses structures, hydraulics, and 
highways taught “handbook” methods, with little attempt challenge the 
students’ creative and imaginative abilities? construction courses, 
other areas, the subject matter can presented way that develops 
technical competence and straight thinking high order. one many 
examples, carefully designed problems earthmoving can offer serious 
challenge the students’ knowledge statics and dynamics. Since construc- 
tion procedures are less bound restrictions, such building codes for 
structures, they offer excellent vehicle for developing curiosity and criti- 
cal attitude about present techniques and methods. addition, construction 
courses provide highly favorable atmosphere which treat subjects 
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importance civil engineers professional men and citizens. These would 
include among others, engineering economy, construction costs, labor prob- 
lems, accident prevention, and the legal aspects engineering. The point 
this argument that construction subject should not condemned 
ruled out being unsuitable for undergraduate graduate college work. 
Condemnation, any, should aimed the method which the subject 
treated. 

Another impression many civil engineering instructors that there 
something second-rate and even unethical about contracting. From such 
viewpoint logical reason that construction not worthwhile topic 
for professional engineers. This impression arose many years ago when 
“gyppo” contractors were numerous and dealing with them sometimes in- 
volved risking life and limb. illustrate, the specifications for the Hetch 
Hetchy Dam the City San Francisco, dated May, 1919, contained clause 
reading the intimidation any engineer inspector the Contractor 
any his employees shall sufficient reason annul the contract.” Old 
ideas die slowly, and many civil engineers still retain this impression. Worse 
yet, many engineering teachers continue present construction this light. 
These men fail recognize that today construction not only the country’s 
largest industry but that has “come age.” Too few engineers are aware 
that the day the “gyppo” largely passed, and that the construction indus- 
try mainly under the management highly qualified professional and 
business people. 

Central the topic the contribution that engineering schools can make 
construction that subject matter. This topic can best approached 
two parts. First, based the assumption that construction integral 
part civil engineering activity and that practically all civil engineers will 
have some dealings with the construction side their profession, what sub- 
ject matter should taught all students part their required studies? 
Second, based the belief that the construction industry properly looking 
the civil engineering schools for their future key personnel and that con- 
struction field worthy attention the college level, what specialized 
subject matter should offered students who wish prepare for careers 
the construction industry? 

Considering the first question, must recognized that the four-year 
engineering curriculum already crowded. the slightest indication that 
the time given any presently included subject matter might reduced 
released, there strong competition from each field specialization for 
that time. follows that there can little specialization and room for 
the learning mere techniques which can acquired later practice. 

The authors feel that there are several bases which courses can 
justified part required undergraduate studies. These include: 


That the subject matter have future value the majority students 
their professional careers. 


That the subject matter present fundamentals with which further 
edge can acquired through graduate study practice both. 


That the subject matter such that either difficult master 
through independent effort that extremely unlikely that the 


majority students will take the time pursue left their own 
choices. 
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That the subject matter develop the broad viewpoint rather than the re- 
stricted view any specialized group the profession. 


The authors feel that certain minimum knowledge construction practices 
meets all these criteria for inclusion the four-year civil engineering 
curriculum. This does not mean that necessary desirable give 
construction topics large segment the very limited time that available. 
However person must have starting point before can, his own, ex- 
pand his knowledge any complex subject. For example, much can 
learned about the legal problems contractor-engineer relations through 
the technical and daily press, but only the man has some grounding con- 
tract law and procedures. Otherwise the articles that reads will large- 
meaningless. Thus, two main aims undergraduate construction courses 
should lay the groundwork for self-education and stimulate interest. 

What should every graduating civil engineer know about construction? 
should have idea the problems, methods doing business, and view- 
points the contractor. should well-grounded the obligations that 
will have the matter contract administration. should know that, 
professional engineer, must act impartial judge disputes 
between contractor and owner. must realize his obligation prepare 
specifications and contract provisions fairly rather than aimed the single 
direction protecting the owner and engineer come-what-may. must 
recognize that the plans and specifications that prepares and his actions 
overseeing the contractor must lead safe and acceptable working condi- 
tions for those employed the project. must think straight about costs 
since not good engineer his designs are uneconomical. This in- 
volves more than merely designing for minimum material requirements. 
demands genuine appreciation the advantages repetition and mass 
production, re-use forms, employment standard rather than special 
items, and simplicity details. includes knowledge the elements that 
make the cost labor, equipment, and overhead. This turn involves 
introduction such matters typical union working rules, questions labor 
jurisdiction, how arrive realistic figure for owning and operating 
piece equipment under given conditions, and why “bid-unbalancing” may 
sound and justifiable practice under certain circumstances and risky and 
unethical practice under others. Finally, should understand the process 
making estimate and the procedure which intelligent contractor 
puts together competitive bid. This will not only furnish him means for 
analyzing his own design work, but will give him considerably more under- 
standing the administration contract work the representative 
owner. 

Much the material suggested above can presented the framework 
courses now offered the usual curriculum, for example, contracts and 
specifications and structural design. Ideally, all this subject matter should 
presented such courses without artificial separation between design and 
construction. major obstacle such procedure that very few college 
professors have construction experience even understanding attitude to- 
wards the contractor’s problems. faculty includes one two men with 
such experience understanding, then those men should offer the course 
contracts and specifications, and consideration should given course 
with some such title “Construction Costs and Methods” cover other 
topics mentioned above. 
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Considering the second question, engineers’ education aimed 
specifically construction, must have considerably more knowledge than 
that suggested above minimum for all civil engineers. must learn 
something the problems law, finance, and labor relations which face all 
management. should learn the techniques and procedures from other 
disciplines, among them industrial engineering, that offer means improv- 
ing construction techniques. should increase his technical competence 
that can design machines, structures, and devices that will economically 
and safely their appointed tasks. All all, the civil engineer construc- 
tion needs advanced professional training just much does the structural, 
hydraulic, highway engineer. 

Some attention professional subjects needed engineers construc- 
tion may possible the undergraduate level. However, can found 
only the schools where the curriculum includes elective units and where 
construction courses are offered. Even these schools, however, there will 
room for, the most, three four construction-related courses. fol- 
lows that intensive study, done college, must necessarily come the 
fifth year. 

The report the Education Committee the Associated General Contrac- 
tors America, reported October 1956,(7) indicates the thinking 
many contractors. states, part “The group endorsed principle. 
long-range objective, the proposal Klinger for the establishment 
five-year college curriculum educate engineers for the construction indus- 
try. (Mr. Klinger outlined his plan January 1956 issue THE CON- 
STRUCTOR.) The committee also recognized the immediate need the 
bachelor science degree civil engineering which sould awarded 
the end four years. The chief purpose the five-year course, resulting 
master’s degree construction engineering, would train the student 
construction administrator.” 

pertinent this point raise the question, “Should the construction 
industry rather than the colleges provide advanced training for its engineers 
and future executives?” There are now number companies, such the 
Perini Corporation,(8) who are doing so. general, the plans place the 
young engineer jobs covering the major phases the companies’ opera- 
tions. Over period several years works the office such assign- 
ments quantity takeoff and estimating and the field surveyor, cost 
engineer, and assistant superintendent. These training programs vary 
widely among companies. some cases, the schedule assignments 
quite rigidly followed; others the company’s immediate needs take prece- 
dence over the training program. Some companies provide special lectures 
company officials and employ other means make the program meaning- 
ful; other companies place all responsibility for training the supervisor 
under whom the trainee working. 

There are several reasons why the in-service training program not 
satisfactory solution the over-all problem education for construction. 
Among these reasons are the following: 


In-service training programs are suitable only for large firms, since 
smaller companies not have the work volume necessary sustain group 
trainees. follows that, since the great majority contracting firms are 
relatively small size, in-service programs will not solve the problem for 
most the industry. illustrate, the highway field one which the 
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work volume firms considerably larger than many other areas 
construction. Yet, the members the Highway Division the Associated 
General Contractors, percent are classed small businesses since they 
less than $5,000,000 volume per year. Few these firms can would 
sustain training program. 


Training programs, unless very carefully planned and controlled, will 
just apprentice training. Although they will teach the trainees current 
practices, they will stifle curiousity and questioning attitude, both which 
are essential the younger men are develop greater potential than their 
predecessors. 


The basic plan for most training programs makes difficult obtain 
and disseminate information promising new developments both inside and 
outside the construction field. Keeping abrest new developments full- 
time job. Then, even the data are located, extremely difficult dis- 
tribute the detailed findings the trainees their scattered locations. Thus, 
have effective program, the company must establish full-blown school. 


presumptuous for educators, who have yet made little contribution 
construction, suggest that the engineering schools can provide better 
education for construction than the industry itself can. There is, however, 
much precedent other fields support this point view. the past, 
prospective lawyers “read” law law offices, business managers started 
learning their functions office boys, and accountants started book- 
keepers. Today, the colleges provide the education for professionals these 
and most other fields. Certainly, construction engineering and manage- 
ment become more and more professional, the colleges will take over the 
educational role they have the other areas. 

Research another area which the colleges can make significant 
contribution the construction industry, precedent from other disciplines 
can taken criterion. Since date there little more than stirring 
this direction, only scattered proof can offered. 

date, the construction industry lags far behind most others expendi- 
tures for research. The 48-billion dollar building industry spends approxi- 
mately 250 million dollars, one-half one percent its income, for 
research compared with percent for several others such chemicals and 
electrical equipment;(9) furthermore, percent the research building 
construction concerned with manufactured products and materials. Al- 
though data are available research expenditures the highway and 
heavy construction side, there little evidence formal research except 
developmental work manufacturers machinery and equipment. Thus 
must concluded that contractors, such, almost nothing the way 
formal long-range research nor they support research others. 

Three viewpoints attitudes construction executives largely account 
for their indifference and even hostility when the question research 
raised. The first the belief that construction procedures and operations 
are variable and non-repetitive and therefore cannot analyzed 
ly. This reasoning also leads the attitude that, even something worth- 
while were learned, would have little value since the particular job would 
completed before the findings could put use. The second viewpoint 
that improvements construction methods equipment come through 
original ideas and inventions rather than through the painstaking step step 
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analysis called for research. There much justify this viewpoint, 
most the advance methods and machinery has come this way. The 
third attitude rises from the construction executive’s belief that his firm al- 
ready knows most the answers and that study its procedures will develop 
nothing new. Thus the only result study outsiders would make 
the company’s secrets available their competitors. Several construction 
executives have candidly told the writers that, for the reasons given, they 

had little sympathy for research efforts, particularly the colleges. They 
suggested that, research were carried out, should supported 
government and not industry. 

the writers’ belief, based serious thought and study, that research 
the colleges and universities can make real contribution the construc- 
tion industry. First, the colleges can bring bear construction problems 
the resources all branches knowledge, ranging through engineering, 
mathematics and statistics, business and management, and even including 
psychology and other social sciences. Second, the colleges can, and should, 
take more detached and broader view towards possible approaches and solu- 
tions problems. Almost any contractor will admit that does not have 
time nor disposition for the long look. Any idea must pay off once 
worth the effort. Finally, the research findings colleges can dis- 
seminated widely through teaching and publications, contrast today’s 
attitude secrecy. 

Among the areas where ideas from other disciplines, coupled with research 
adapt them construction, indicate promise are the following: 


Single industrial engineering techniques such crew-balance studies, 
process chart analysis, and methods standardization. few construction 
companies have made great progress this direction. Some them have 
stated privately that the savings often bring reduction cost much 
percent. However, they guard their methods carefully from competi- 
tors and educators alike maintain the competitive advantage that results. 
appears then, that both the development techniques and the wider dis- 
semination information about existing practices offer promise. 


Improved techniques for planning and scheduling. These could range 
from rather simple procedures solutions statistical computer tech- 
niques complex situations. 


The application statistical methods diverse problems. These may 
well range from determining proper balance equipment groups statis- 
tical approach the effects weather and climate construction operations. 


The application data processing equipment, including computers, 
contractor’s record-keeping and computation problems. 


The application ideas and equipment from other fields, such de- 
velopments automation, construction. 


The adaptation construction ideas and practices number 
management problems such personnel development and training, employee 
relations, and accident prevention, name few. 


The list given above far from complete. However, does indicate that 

many disciplines can have ideas and techniques value construction. The 
colleges and universities, contrasted with industry, provide the best situa- 
tion for this cross-fertilization. 
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There are, course, many other more traditional areas for research 
construction, such the development and proving new materials and 
products and the development and improvement machinery and equipment. 
Here also expanded research program the colleges could real 
value the industry. 

Properly directed and programmed research for construction could 
much strengthen today’s modest efforts construction education. Income 
from research continuing basis would permit the schools expand their 
staffs and include specialists them that they cannot now afford. com- 
bined program research and teaching, coupled with adequate compensation, 
could attract able men from the industry into teaching and thus.aid solving 
one the most critical problems the colleges. Advanced graduate stu- 
dents could earn their college expenses and broaden their knowledge the 
same time with work research. present, many them devote this time 
menial and non-learning jobs make their way through school. fact, 
money spent suitable research works twice: once supporting staff and 
students and again the knowledge that produces. 

This statement not argument that colleges all-out research 
competition with commercial testing agencies private consultants. College 
research should meet the double tests: first that strengthens the educa- 
tional effort school and, second, that fills gap that cannot closed 
commercial consulting personnel. 

seems clear, however, that properly chosen and financed research the 
colleges can value the construction industry two ways. First, 
can develop concepts and techniques value the industry; second can 
strengthen the educational program the schools which, turn, will pro- 
duce better-educated men for the industry. 


Current practices and trends education for construction 


The colleges and universities have been talking education for construc- 
tion for many years. Some schools such M.I.T. began programs slanted 
toward construction thirty more years ago. Many other schools gave 
courses pertaining construction before World War Spokesmen for 
the industry, such Adolph Ackerman,(11) pointed out the special educa- 
tional needs the construction industry and suggested changes the tradi- 
tional civil engineering curriculum meet these needs. 

Following World War II, construction education gained considerable impe- 
tus and the civil engineering departments number schools began 
programs aimed specifically construction. some schools students could 
choose “construction option” contrasted with structures, hydraulics, 
some other speciality. Other schools offered almost the same selection 
courses free electives but without the “option” label.(12) almost all 
cases, the curriculum combined the conventional accredited civil engineering 
program the school question with some all the following subjects: 
estimating, equipment and methods, accounting, law, and labor relations. 
During this same period, several schools architecture, architectural engi- 
neering business offered programs “building construction.”(6) These 
programs are directed largely home and commercial building. Discussions 
them beyond the scope this paper. 

Beginning the early middle 1950’s, several schools expanded their of- 
ferings construction include fifth year devoted the main developing 
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the business, management, and construction subjects that could not fitted 
into crowded four-year program. should expected, each school has 
chosen pattern suited its own organization, traditions, and faculty 
strength. Three these are follows: 


Texas and College.(13) joint program civil engineering and 
business administration leading degrees both civil engineering and 
business administration. 


Cornell University.(14) five-year curriculum leading degree 
civil engineering. Construction and management are treated essential 
elements civil engineering the same level technical and cultural sub- 
jects. general, the content the Cornell program agrees with that pro- 
posed William Klinger,(5) who one the spokesmen educational 
matters for the Associated General Contractors. 


Stanford University.(15) fifth-year program leading the Master 
Science Civil Engineering-Construction. The program (See Table in- 
cludes series required graduate construction courses plus few re- 
quired courses management and technical areas. The remainder the 
year given elective courses management and technical subjects, 
selected the student with the advice his adviser. The philosophy the 
Stanford program that prescribed program can fit all the many facets 
construction. better that each individual select program fit his 
interests than fit all single pattern. 


date, then, the pattern construction education civil engineering 
schools has been: First, the development some schools few under- 
graduate construction and related courses within the framework conven- 
tional civil engineering; second, the fifth-year programs handful 
schools where staff strength and interest and favorable academic climate 
have made this development possible. However, far too little being done 
meet the expected demands for engineers educated fit the needs the 
construction industry. 

What are the prospects for more attention construction from the engi- 
neering schools the years close ahead? Every indication that they are 
bleak; for the following reasons, among others: 


Failure the part the construction industry make its needs known 
the colleges. date, only small group contractors and handful 
educators have made their voices heard. 


Failure the part the construction industry support education and 


research the colleges level even closely comparable that supplied 


other industries. all frankness, money talks! Financial support through 


scholarships, fellowships, research grants and, some cases, faculty sala- 
ries will much create interest construction the part college 
administrators. 


The slow pace which changes take place the colleges. Contractors 
will find difficult believe that change the curriculum add course 
may require several years time. Often changes must wait the retirement 
department head senior professor who has intrenched interest 
large block student time. Again, some schools personality clash 
rivalries within the department may prevent desirable alterations. 
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Changes favoring construction may prove particularly difficult introduce 
because many college people not consider that engineering ona 
par with other subjects. 


The trend away from professional education and towards science among 
engineering educators. Today, whenever possible, new appointments engi- 
neering faculties are given men with PhD degrees. There are few any 
men construction practice education with PhD degrees, nor will there 
many the years immediately ahead. follows that very few the new 
generation college professors will professional men with construction 
interests. Thus the already meager interest construction education among 
college faculties will fall ever farther. 


The relatively low enrollment civil engineering compared with 
other branches engineering and science. Under these circumstances, the 
colleges will cutting down the size their civil engineering budgets 
and staffs. The pressure will reduce the number courses now being 
given, and this will make doubly hard add construction subjects. 


Thus, appears clear that there are many obstacles developing wide- 
spread program construction education our colleges. Most certainly 
much stronger efforts must come from the construction industry than are 

now being exerted much accomplished the years ahead. 


CONCLUSION 


This paper has attempted face squarely the joint problems con- 
fronting civil engineering education and the construction industry. sum- 
mary, has made the following points: 


civil engineer’s answer the question “What the consiruction indus- 
try should have from the engineering colleges,” depends his concept the 
relationship between the construction industry and the civil engineering pro- 
fession. considers construction simply business with which 
must have dealings, his answer will entirely different from his considering 
construction integral and vital part the civil engineering function. This 
paper based the latter viewpoint. 


Civil engineers are demand the construction industry, are enter- 
ing ever increasing numbers, and are taking over much its manage- 
ment. For the civil engineer who will work hard, construction offers 
exciting challenge, the chance use every part his education, and substan- 
tial rewards for accomplishment. 


The civil engineering profession whole has much gain 
strengthening its ties with construction. This can result only through the 
joint efforts design engineers, contractors, and educators. 


Education pertaining construction merits place both undergradu- 
ate and graduate levels, provided treated professionally. important 
that all civil engineering graduates have certain minimum knowledge con- 
struction practices and problems, while those who plan make construction 
their life’s work should receive additional specialized education. 
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Research construction problems has proper place the colleges. 
Furthermore, can make substantial contribution both the industry and 
the colleges. 


date, the engineering schools have made little progress toward 
meeting the specialized educational needs the construction industry. 
true that number schools provide some emphasis construction the 
undergraduate level and few have organized fifth-year programs. far, 
however, the overall effort has been small compared the need and 
tunity. Moreover, there are number obstacles the way greater 
activity, and there little reason for optimism the future unless attitudes 
change both the part industry and the colleges. 

today, the engineering colleges have golden opportunity, through 
education for construction, make substantial contribution the industry, 
and the people that construction serves. any important undertaking, 
there are many problems, and this case, neither the industry nor the col- 
leges have made sincere attempt overcome them. Only through real 
concern the part substantial number contractors, engineers, and 
educators, coupled with generous application industry interest and 
financial support, can the opportunity made into reality. 


TABLE 


Requirements for M.S. Degree 
Civil Engineering-Construction Stanford University 
Forty-five more quarter-units total, divided follows: 


Required undergraduate civil engineering courses. (Fully satisfied the 
candidate has ECPD accredited B.S. degree civil engineering.) 


Undergraduate construction courses quarter units) 


Quarter Units 


Core group construction and business (15 quarter units) 


Advanced Construction Equipment and 
Advanced Engineering Economy (Equipment ownership and 
Depreciation (Tax aspects equipment ownership) ..... 


Electives Business Management and Related Subjects 
(Minimum quarter units) 


Construction Problems (special 
Civil Engineering Economy (Economics Public 
Business Law Contracts, quasi-contracts........... 
Business Law Sales, Negotiable 
Business Law Agency, Partnership, 
Industrial Organization and Management.............. 
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Quarter Units 


Management Accounting 
Psychological Aspects Business 
Industrial (Labor) Relations 


Required and Elective Courses Advanced Civil Engineering and 
Related Technical Subjects (Minimum quarter units) 


REQUIRED 


Advanced Foundation Design 
Harbor Structures 


ELECTIVES 


ww 


Engineering Geology 
Mine Plant and Equipment 
Advanced courses civil engineering including those 

structures, soil mechanics, hydraulic engineering, 

and highways (50 more quarter units from which 

choose) 


wr ww vl 


Courses engineering mechanics. 


Courses mechanical, electrical, and industrial engineering. 
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